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The authors investigated the distribution of interleu-
kin-2 receptors (TAC antigen) in the lymph nodes of
300 patients with lymphoproliferative disorders. They
used fresh-frozen sections to evaluate a possible corre-
lation between the immunophenotype of specific
lymphoid disorders and the presence or absence of
TAC expression and to determine whether the TAC
positivity oflymphoid cells contributes to the charac-
terization oflymphoproliferative processes. All ofthe
cases had previously been studied with a large screen-
ing panel ofmonoclonal antibodies and polyclonal an-
tisera. Among 85 patients with a variety ofbenign reac-
tive processes, the lymph nodes from 47 contained
TAC-bearing lymphocytes in various patterns of dis-
tribution. Of41 patients with Hodgkin's disease, 37 had
TAC-bearing lymphocytes. Of 26 B-cell, well-differ-
entiated lymphocytic lymphomas (WDL), 14 were dif-
fusely TAC-positive and one had TAC-bearing cells in

INTERLEUKIN-2 (IL-2) is an immunoregulatory
substance produced by T lymphocytes and is required
for human T-lymphocyte proliferation.' T lympho-
cytes also express a specific high-affinity receptor for
IL-2 on their cytoplasmic membrane; this receptor is
referred to as the TAC antigen. ' Monoclonal antibod-
ies reactive with IL-2 receptors on lymphocytes have
recently been produced which are capable ofprevent-
ing T-cell proliferation in vitro by blocking the IL-2
receptors. 1,2 Recently, it has been shown that IL-2 can
also induce B-cell proliferation, and that transformed
B lymphocytes can express the TAC antigen.",3'4
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random distribution. Six cases of intermediate lym-
phocytic lymphoma were also studied, and three
showed randomly distributed TAC-bearing lympho-
cytes. Of 19 patients with follicular or follicular and
diffuse, poorly differentiated lymphocytic (PDL) lym-
phoma, 14 were TAC-positive. All 3 diffuse PDL lym-
phomas studied were TAC-negative. Among 23 cases
ofB-cell and 5 cases ofT-cell mixed cell lymphoma, 15
and three, respectively, had TAC-positive lympho-
cytes. Of 39 large cell lymphomas (B-cell, 33; T-cell,
6), 14 were TAC-positive. All 13 cases ofhairy cell leu-
kemia were diffusely positive. Of 23 T-lymphoblastic
lymphomas, only 1 showed positive TAC reactivity,
which was focal. Of 5 cases of cutaneous T-cell lym-
phoma, 2 had TAC-bearing lymphocytes. Our study
indicates that the TAC antigen is not lineage-specific,
and that it may be expressed by lymphoid cells regard-
less oftheir phenotype. (AmJ Pathol 1987,127:27-37)
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28 SHEIBANI ET AL

The distribution of the TAC antigen in tissue sec-
tions has recently been studied in normal human
lymphoid tissue5 and in Hodgkin's disease6 and other
lymphoproliferative disorders (LPDs).7 We under-
took the present study to 1) investigate the histotopo-
graphic localization and pattern of distribution of
TAC antigen-positive lymphocytes in a variety ofbe-
nign and malignant lymphoid disorders, 2) determine
whether the presence of TAC-positive cells correlates
with immunophenotypes of specific lymphoid dis-
orders, 3) evaluate the relationship, if any, of the ex-
pression of the IL-2 receptor by lymphoid cells to a
specific stage of lymphocyte differentiation, and 4)
determine whether the TAC positivity of lymphoid
cells is a marker that has biologic significance.

Materials and Methods
Patient Material

This study is based on the analysis of 281 lymph
nodes, 13 spleens, and 6 skin biopsy specimens, in-
volved by a variety of neoplastic and nonneoplastic
lymphoid disorders culled from the clinical and re-
search files ofthe James Irvine Center for the Study of
Leukemia and Lymphoma. The samples were evalu-
ated in our laboratory between November 1984 and
May 1985. Authorization for the use of the research
protocol was granted by the Institutional Review
Board of the City of Hope National Medical Center.

Morphologic Studies

Portions of the lymph node tissue sections were
fixed in buffered formalin or B5 solution and embed-
ded in paraffin. The tissue sections were stained with
hematoxylin and eosin and May Gruenwald-Giemsa
for routine histologic examination. Non-Hodgkin's
lymphomas (NHLs) were classified according to the
Modified Rappaport Classification8 and the Working
Formulation.9

Immunohistochemical Studies

Fresh-frozen tissues were prepared for immunohis-
tochemical study according to previously described
techniques.'0 Sections of normal tonsil were studied
as positive controls by a similar method. Procedures
for negative control in each case included the use of
irrelevant purified isotopic antibody or the substitu-
tion of primary antibody by mouse ascitic fluid or
nonimmune serum.

Frozen tissues from all ofthe specimens were stud-
ied with the use of a screening panel of antibodies
listed in Table 1. The anti-TAC antibody used in this

Table 1 -Screening Panel for Frozen Section Immunohistology

Primarily detects cellular
Antibody antigens expressed by

T29/33

B1

B2
BA-1

IgM

IgG
IgA
IgD
K

T-11
Leu-3a

Leu-2a

Hematopoietic cells

B cells

B cells, dendritic cells
Pre-B cells, B cells

Pre-B cells, B cells

B cells
B cells
B cells
B cells
B cells
T cells
"Helper" T cells, some

histiocytes
"Suppressor" T cells

Source

Hybritech, Inc.
(San Diego, CA)

Coulter Immunology
(Hialeah, FL)

Coulter Immunology
Becton Dickinson
(Mountain View, CA)

Tago Laboratories
(Burlingame, CA)

Tago Labs
Tago Labs
Tago Labs
Tago Labs
Tago Labs
Coulter Immunology
Becton Dickinson

Becton Dickinson

study was kindly provided by Dr. Thomas Waldmann
of the National Cancer Institute. A modification of
the avidin-biotin complex (ABC) technique was used
for identification of TAC antigens as previously de-
scribed. "I Briefly, the cryostat-cut frozen sections
were fixed in graded acetone for 5 minutes. The pri-
mary antibody was placed on one oftwo sections at a
dilution of 1:50 and allowed to incubate for 30 min-
utes. After removal of excessive primary antibody by
briefwashing in modified PBS, sections were overlaid
with biotinylated, affinity-purified antimouse anti-
body at a dilution of 1:100 for 20 minutes. Subse-
quently, a preformed complex of avidin and biotiny-
lated horseradish peroxidase at a dilution of 1:80 was
applied for 15 minutes. After removal of excessive
reagent from the tissue surface with an isotonic buffer
system, the substrate color reaction product was de-
veloped with 3-amino-9-ethylcarbazol (AEC) (Poly-
sciences Inc., Warrington, Pa). Biotinylated, affinity-
purified antimouse antibody and avidin-biotin
peroxidase complex were obtained from Vector Lab-
oratories, Burlingame, California. To determine
coexpression ofthe TAC and lymphocyte differentia-
tion antigens, we used a double-staining immunohis-
tologic method as previously described.'0 In these
cases the color reaction product was produced by both
AEC and diaminobenzidine (DAB) (Sigma Co., St.
Louis, Mo).

Evaluation of Immunostained Sections

A section was considered to be TAC-positive when
lymphoid cells showed distinctly positive staining of
the membrane or membrane and cytoplasm, which
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TAC ANTIGEN IN LPD 29

made them easily distinguishable from the adjacent
unstained cells or stroma. We used our recently pro-
posed systematic method for the immunohistologic
evaluation ofLPDs to determine the pattern ofdistri-
bution of TAC-positive cells in tissue sections.'2 The
intensity ofimmunostaining was graded as markedly
positive (+++), moderately positive (++), mildly
positive (+), or negative (-). The pattern of im-
munostaining of individual cells was classified as sur-
face membrane or cytoplasmic, depending upon the
predominant localization ofthe stain. The pattern of
distribution of immunostained cells was classified as
follicular (F), interfollicular (I), diffuse (D), and com-
bined follicular and diffuse (Y). When the im-
munostained cells were scattered throughout the sec-
tions without a distinct pattern, this was classified as
random (R).

Results

Tables 2, 3, 4, and 5 summarize the distribution of
the TAC antigen in 281 lymph nodes, 13 spleens, and
6 skin specimens from patients with benign and ma-
lignant lymphoid disorders as evaluated on cryostat-
cut, fresh-frozen sections. Our series of cases include
85 cases ofbenign reactive processes, 41 ofHodgkin's
disease (HD), 155 of NHL, 13 of hairy cell leukemia
(HCL), five of mycosis fungoides, and one of lep-
romatous leprosy involving skin.

Reactive Processes (Table 2)

Among the 85 cases with a variety of benign reac-
tive processes, 47 (55%) contained TAC-bearing lym-
phocytes which exhibited surface membrane staining.
Although the immunostained lymphocytes in the ma-
jority of the sections had a random distribution and
lacked a distinct architectural pattern, their localiza-
tion tended to be most pronounced in the interfolli-
cular areas (Figure 1). In 1 case of reactive follicular
hyperplasia, there was a prominent dendritic im-
munostaining pattern similar to that seen with anti-
B2, an antibody reactive with a B-cell-associated an-
tigen and also reactive with dendritic reticulum cells
in lymphoid follicles (Figure 2). In addition to lym-
phocytes, some histiocytes and immunoblasts exhib-
ited relatively strong immunostaining. Unlike the
TAC-positive lymphocytes, the histiocytes and im-
munoblasts had a predominantly cytoplasmic im-
munostaining pattern. We were unable to identify
any TAC-positive plasma cells.

Hodgkin's Disease (Table 2)

Of41 cases ofHD including 6 lymphocyte predom-
inant, 26 nodular sclerosing, four mixed cellularity,
two interfollicular, and three unclassified types, 37
(90%) had TAC-bearing lymphocytes which exhib-
ited a surface membrane staining pattern. Like the

Table 2- Distribution of IL-2 Receptor (TAC) in Reactive Lymphoid Disorders, Hodgkin's Disease, and True Histiocytic Lymphoma on
Fresh-Frozen Lymph Node Sections

Immunoreactivity

No. of Positive(pattern) Positive
Diagnosis cases Negative F I D Y R cases

Reactive disorders
Reactive follicular hyperplasia 49 25 1 4 3 4 12 24
Nonspecific lymphoid hyperplasia 17 8 1 2 3 3 9
Necrotizing lymphadenitis 6 0 1 5 6
Granulomatous lymphadenitis 4 1 3 3
Angioimmunoblastic lymphadenopathy 4 1 1 2 3
Pseudolymphoma 3 2 1 1
Dermatopathic lymphadenitis 2 1 1 1
Total 85 38 47

Hodgkin's disease
Lymphocyte predominance 6 1 3 2 5
Nodular sclerosing 26 2 12 1 6 5 24
Mixed cellularity 4 1 1 2 3
Interfollicular 2 1 1 2
Unclassified 3 0 2 1 3
Total 41 4 37

True histiocytic lymphoma 6 2 2 2 4

F, follicular; I, interfollicular; D, diffuse; Y, follicular and diffuse; R, random.
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30 SHEIBANI ET AL

Table 3- Distribution of Cells Expressing the IL-2 Receptor (TAC) in Human B-Cell Neoplasms on Fresh-Frozen Lymph Node Sections

Diagnosis

WDL
Intermediate lymphocytic
PDL, nodular
PDL, diffuse
PDL, nodular and diffuse
Mixed cell, nodular
Mixed cell, diffuse
Mixed cell, nodular and diffuse
Large cell, diffuse
Large cell, nodular and diffuse
Undifferentiated

Total

No. of
cases

26
6

16
3
3
10
5
8

29
4
5

115

Negative

11
3
4
3
1
3
3
2

22
1
4

57

Immunoreactivity
Positive (pattem)

F I D

14

7

2
3

1

1

Positive
Y R cases

3
3 2

2 2
2

3 2
2
2

15
3

12

0
2
7
2
6
7
3
1

58

F, follicular; 1, interfollicular; D, diffuse; Y, follicular and diffuse; R, random.

Table 4- Distribution of IL-2 Receptor (TAC) in Human T-Cell Lymphomas on Fresh-Frozen Lymph Node Sections

Immunoreactivity

Diagnosis

Large cell, diffuse
Mixed, diffuse
Lymphoblastic

Total

Total
no. of
cases

6
5

23

34

Negative

2
2

22

26

Positive (pattern)
F I D

4
3

Y R
Positive
cases

4
3
1

8

F, follicular; 1, interfollicular; D, diffuse; Y, follicular and diffuse; R, random.

Table 5 -Distribution of IL-2 Receptor in Hairy Cell Leukemia, Mycosis Fungoides, and Lepromatous Leprosy on Fresh-Frozen Spleen
and Skin Sections

Diagnosis

Hairy cell leukemia
Mycosis fungoides
Lepromatous leprosy

Total

Organ

spleen
skin
skin

Total
no. of
cases

13
5
1

19

Negative

0
3
0

3

F

Immunoreactivity
Positive (pattern) Positive

I D Y R cases

13

F, follicular; 1, interfollicular; D, diffuse; Y, follicular and diffuse; R, random.

cases of reactive lymphoid disorders, most of our
cases of HD had a random distribution as the pre-
dominant pattern. However, a follicular pattern pre-
dominated in approximately 50% of the cases of the
nodular sclerosis type. In addition to a TAC-positive
background lymphoid population, in those cases in
which Reed-Sternberg (R-S) cells and their mononu-
clear variants were confidently identified on frozen
sections, they exhibited a predominantly cytoplasmic
staining for the TAC antigen (Figure 3).

Non-Hodgkin's Lymphomas
We investigated 155 cases of B-cell, T-cell, and true

histiocytic lymphomas (Tables 2-4), and 70 (46%) of
them showed positive immunostaining for TAC.
True Histiocytic Lymphoma (Table 2)
The neoplastic cells in 4 of 6 immunologically, cy-

tochemically, and ultrastructurally documented cases
oftrue histiocytic lymphoma showed diffuse (2 cases)
or random (2 cases) immunoreactivity with anti-

13
2
1

16
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TAC ANTIGEN IN LPD 31

TAC. The distribution ofTAC-positive cells was simi-
lar to the pattern ofdistribution ofreactive T cells, but
some ofthe neoplastic cells definitely showed positive
staining with anti-TAC antibody.

B-Cell-Derived Lymphomas (Table 3)

Well-Differentiated Lymphocytic (WDL) and
Intermediate (Small) Lymphocytic
Lymphoma

Fifteen of 26 cases (58%) ofWDL were found to be
diffusely (14 cases) or randomly (1 case) immunore-

active with anti-TAC antibody. The immunostaining
reaction in the majority of the cases was strong, and
background staining was insignificant (Figure 4A).
Compared with the number ofTAC-bearing lympho-
cytes, the percentage of reactive T lymphocytes, as

determined by their reactivity to the T- 11 antibody,
was extremely low (Figure 4B).
Of6 cases ofintermediate lymphocytic lymphoma,

3 showed positive immunostaining of lymphocytes,
which were distributed predominantly in a random
pattern.

Figure 2-Florid reactive follicular hyper-
plasia. The TAC-positive lymphocytes are
located predominantly in lymphoid follicles in
a dendritic pattem. (Xl 60)

Figure 1-Florid reactive follicular hyper-
plasia. The TAC-positive lymphocytes are

distributed predominantly in the interfollicu-
lar areas. (Xl 60)
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32 SHEIBANI ET AL

Figure 3-Hodgkin's disease, nodular
sclerosing type. The lymphocytes bearing
TAC antigen are randomly distributed. The
R-S cell (arrow) and its mononuclear var-
iants also exhibit a positive reaction in a pre-
dominantly cytoplasm staining pattem.
(X400)

Poorly Differentiated Lymphocytic (PDL)
(Small Cleaved) Lymphoma

In 14 of 22 cases (64%) of PDL lymphoma (16
follicular, 3 follicular and diffuse, 3 diffuse), im-
munostained lymphocytes were identified. In most of
the cases of follicular PDL lymphoma, the distribu-
tion ofTAC-bearing lymphocytes was predominantly
interfollicular, essentially similar to the pattern ofdis-
tribution of reactive T cells in follicular lymphomas.
However, the double-staining procedure done on 2
cases revealed coexpression of the TAC and B 1 anti-
gens in neoplastic small cleaved lymphocytes of folli-
cles. In 2 of the 3 cases of follicular and diffuse PDL,
TAC-bearing lymphocytes had an interfollicular dis-
tribution. All three diffuse PDL lymphomas were

TAC-negative.

Mixed Cell Lymphoma

We noted variable positivity in the immunohisto-
logic sections of23 cases (10 follicular, 8 follicularand
diffuse, 5 diffuse) of mixed cell lymphoma. Of the 10

follicular mixed, 7 contained TAC-bearing lympho-
cytes. The predominant pattern of distribution was

follicular and interfollicular. In some cases in which
the number of reactive cells approximated the num-
ber of neoplastic cells, the precise enumeration of
TAC-bearing neoplastic lymphocytes was somewhat

difficult. As in follicular PDL lymphoma, double-
staining of 2 cases of follicular mixed showed coex-
pression of TAC and B1 antigens in the neoplastic
lymphocytes. The predominant pattern of distribu-
tion of TAC-positive cells in the 6 positively staining
cases of follicular and diffuse mixed lymphoma was
follicular and interfollicular. Of 5 cases of diffuse
mixed lymphoma which were proved immunologi-
cally to be of B-cell lineage, only 2 had TAC-positive
neoplastic and reactive lymphocytes, and in these the
staining showed a random distribution.

Large Cell Lymphoma (LCL)

Of 29 cases of diffuse LCL, 5 showed diffuse and
two showed randomly distributed TAC-bearing lym-
phocytes. The immunostaining in both groups of
LCL was generally weak and was predominantly lo-
cated in the surface membrane, although some neo-
plastic cells with cytoplasmic staining were seen. Of4
cases of follicular and diffuse LCL, 3 had TAC-bear-
ing lymphocytes in a random or interfollicular distri-
bution.

Undifferentiated (Small Noncleaved) Lymphomas
We also studied 5 undifferentiated lymphomas,

one ofthem Burkitt's and four non-Burkitt's; I case,
diagnosed as undifferentiated non-Burkitt's lym-
phoma, showed diffusely distributed TAC-positive
neoplastic cells; the remaining cases were negative.
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Figure 4A-Diffuse well-differentiated lym-
phocytic lymphoma of the B-cell phenotype.
The neoplastic lymphocytes exhibit surface
membrane staining with anti-TAC antibody.
(Xl 60) B-Diffuse well-differentiated
lymphocytic lymphoma (shown in A) stained
with anti-T-1 1. Compared with the number
of TAC-bearing B lymphocytes (A), the per-
centage of T lymphocytes is very low.
(X160)
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T-Cell-Derived Lymphomas (Table 4)

Peripheral T-Cell Lymphoma

Neoplastic cells in 4 of6 cases ofLCL were diffusely
positive with anti-TAC. Of 5 diffuse mixed cell lym-
phomas, 3 showed positive immunoreactivity in a
diffuse pattern.

Lymphoblastic Lymphoma (LBL)

Twenty-three T-LBLs were studied, and only 1 of
these contained randomly distributed TAC-bearing
neoplastic lymphocytes.

Hairy Cell Leukemia, Mycosis Fungoides, and
Lepromatous Leprosy (Table 5)

Hairy Cell Leukemia
All 13 cases of HCL diffusely stained with anti-

TAC (Figure 5).
Mycosis Fungoides

Five cases of mycosis fungoides of the inducer/
helper T-cell phenotype were analyzed, and two of
these contained TAC-positive cells. In 1 case, their
pattern of distribution was diffuse; in the other, the
pattern was random (Figure 6).
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34 SHEIBANI ET AL

Figure 5-Spleen involved with hairy cell
leukemia. The neoplastic cells exhibit strong
surface membrane immunoreactivity for the
presence of TAC antigen. (X260)

Lepromatous Leprosy
One skin biopsy involved by lepromatous leprosy

was also evaluated and contained rare TAC-bearing
lymphocytes.

Discussion

TAC Antigen in Human Lymphocytes
IL-2 is an immunoregulatory substance produced

by T lymphocytes and is required for human T-lym-
phocyte proliferation.1"2'4 The gene responsible for the

expression of the IL-2 receptor has recently been
cloned.'3 IL-2 may not be present in or released by
freshly isolated T lymphocytes, but it can be released
by mature T cells that have been activated by mito-
genic stimuli."4 Activated T lymphocytes also can
develop IL-2-specific membrane-binding sites analo-
gous to hormone receptors. The IL-2 receptor is a
glycoprotein with a molecular weight ofabout 55,000
and was initially defined as the TAC antigen. Mono-
clonal antibodies directed against this antigen, one of
which is designated anti-TAC and was used in this
study, have been developed.1"2 Expression of IL-2 re-

Figure 6-Cutaneous T-cell lymphoma
(mycosis fungoides). The neoplastic lymph-
oid cells show strong surface membrane
staining for anti-TAC antibody. (Xl 60)

'-. '4b.
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TAC ANTIGEN IN LPD 35

ceptors is transient and not continuous, but occurs

only after appropriate immune stimulation.'4
Initially, the expression of the TAC antigen was

considered to be restricted to the T-cell lineage.2 More
recently, it was shown that activated human B lym-
phocytes may also express the TAC antigen."3"5
Waldmann et al have demonstrated the expression of
the TAC antigen in cloned lines of normal EBV-
transformed B lymphocytes and in B-cell lines de-
rived from 5 of 6 patients with HTLV-I associated
adult T-cell leukemia.4 Boyd et al confirmed that acti-
vated human B lymphocytes express the TAC antigen
and demonstrated that the IL-2 receptors on B lym-
phocytes are identical to those ofT cells. 16 It appears
that IL-2, together with other factors produced by T
cells, may be a regulator of the differentiation of B
cells into immunoglobulin-producing cells and
plasma cells. 17,18 In a recent study, Touw et al demon-
strated that IL-2 stimulates the neoplastic prolifera-
tion of leukemic cells from patients with pre-B acute
lymphoblastic leukemia.'9

IL-2 has also been found to stimulate proliferation
of natural killer (NK) cells, presumably through di-
rect action on these cells.20 Blocking studies with anti-
TAC antibodies have demonstrated that IL-2 is neces-
sary for induction of NK cell proliferation.2' It has
been shown that NK cells have receptors for IL-2,
which may be structurally similar to the TAC antigen
expressed by T and B cells. It is interesting that the
single case of our 23 cases of T-lymphoblastic lym-
phoma included in this study that was TAC-positive
also expressed NK-associated antigen.

TAC Antigen in Normal Human Lymphoid Tissues
and Reactive Lymphoid Processes

The distribution of TAC-positive cells has recently
been studied by Hoffman et a122 in human fetal
lymphoid tissue. Their study showed that the medul-
lary portion of the fetal thymus contains TAC-posi-
tive cells. By using a double-staining immunohistolo-
gic technique, these investigators demonstrated that
TAC-positive cells in human fetal lymphoid tissue
express T-cell antigens.22 Similarily, using anti-TAC
antibody, Miyawaki et al were able to identify the
cellular localization of TAC-positive cells in human
lymph nodes and tonsils.5 Their study demonstrated
that a significant number of TAC-positive lympho-
cytes were present in these lymphoid organs, with the
majority of cells located in T-cell-dependent zones

such as the paracortical and interfollicular areas. With
a double-staining method, they demonstrated that the
TAC-positive cells also express Leu- 1, a pan-T-cell
antigen. Moreover, the majority of "TAC+-Leu-1+"

lymphocytes were of the helper/inducer (Leu-3-posi-
tive) subtype; only 20% ofTAC-positive lymphocytes
expressed the Leu-2 (Cytotoxic/suppressor) antigen.
Our own study of66 cases ofreactive lymphoid and

follicular hyperplasia (Table 2) resulted in findings
similar to those reported by Miyawaki et al.5 Ofthe 66
cases evaluated, 33 (50%) had TAC-bearing lympho-
cytes, in a quantity and pattern of distribution gener-
ally corresponding to those of T cells.
The distribution of TAC-bearing cells was investi-

gated by Modlin et al ofi fresh-frozen sections from 20
patients with lepromatous and tuberculoid leprosy23
and equivalent numbers of TAC-positive cells were
present in both types of leprosy. We evaluated 4 cases
of nonnecrotizing granulomatous lymphadenitis and
found randomly distributed TAC-bearing lympho-
cytes in 3 cases. In addition, we studied a skin biopsy
specimen from a patient with lepromatous leprosy
and observed rare TAC-positive cells.

TAC Antigen in Hodgkin's Disease

The expression of the TAC antigen was recently
studied by Pizzolo et a16 in 15 cases ofHD of various
histologic subtypes. These investigators found that, in
addition to TAC-positive lymphocytic populations,
in majority of the cases, the TAC antigen was ex-
pressed by the R-S cells and their mononuclear var-
iants. These findings suggest that some R-S cells and
Hodgkin's cells can express the TAC or a structurally
similar antigen.

In our 41 cases of HD, the number and pattern of
distribution of TAC-positive lymphocytes generally
confirmed the findings by Pizzolo et al.6 In addition to
TAC-bearing lymphocytes, most diagnostic R-S cells
and their mononuclear varients showed a positive
immunoreaction to anti-TAC, which was predomi-
nantly cytoplasmic (Figure 3).

TAC Antigen in Human B-Cell Lymphomas

The expression ofTAC antigen in HCL,24 a B-cell
neoplasm, as well as in some other B-cell-derived
neoplasms,7 is an additional indication that some B
lymphocytes are capable ofexpressing IL-2 receptors.
In a recent study Linder et al evaluated the presence
and distribution of the TAC antigen in NHL.7 Ap-
proximately 50% of T-cell lymphomas expressed the
TAC antigen. In contrast, neoplastic cells of only 5%
of their B-cell-derived lymphomas were TAC-posi-
tive.7 The number of TAC-positive cells was moder-
ately high in LCL and low or absent in small lympho-
cytic lymphomas.

In contrast to the results reported by Linder et al,
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the majority of B-cell-derived lymphomas in our
series were TAC-positive. Of 115 immunologically
documented B-cell lymphomas, 58 showed focal or
diffuse immunoreactivity. In lymphomas with a fol-
licular or follicular and diffuse pattern, the pattern of
distribution of TAC-bearing cells generally corre-
sponded to the pattern of distribution of T lympho-
cytes. Although this finding may indicate that the
TAC-positive lymphocytes are reactive T cells, the
number of TAC-positive cells in these lymphomas
was significantly greater than the number of cells ex-
pressing pan-T antigens (Figure 4A and B); this indi-
cates that, in addition to T lymphocytes, some neo-
plastic and nonneoplastic B lymphocytes also express
the TAC antigen. Moreover, double-staining of the
selected cases of follicular lymphomas confirmed the
coexpression ofTAC and B-cell restricted antigens in
the neoplastic B lymphocytes. Neither the quantity
nor the pattern of distribution of TAC bearing cells
helped us to distinguish among various morphologic
subtypes of follicular lymphomas (PDL, mixed, large
cell) on immunohistologic sections.
The percentage of TAC-positive, diffuse B-cell

lymphomas was less than that offollicular and follicu-
lar and diffuse B-cell lymphomas. This finding may
be correlated to the greater number ofreactive T lym-
phocytes usually present in follicular lymphomas. An
interesting observation in our study was the strong
expression of the TAC antigen by the neoplastic cells
in the majority of our cases of WDL, whereas it was
weakly expressed in intermediate lymphocytic lym-
phoma and absent in diffuse PDL. This finding ap-
pears to be correlated with the degree ofmorphologic
differentiation of the neoplastic cells of malignant
lymphomas, as proposed by Rappaport in 195725;
however, a larger series of cases should be evaluated
for confirmation of this preliminary finding. All of
our 13 cases ofHCL were strongly positive, confirm-
ing the previous observations of other investigators
regarding the expression of TAC antigen by HCL.24

In general, the intensity ofthe immunostaining re-
action of TAC-positive cells in B-cell lymphoma was
greater in nonneoplastic than in neoplastic lympho-
cytes. Careful analysis ofthe immunostained sections
did not reveal any significant correlation between the
immunophenotype ofthe positive cells and the inten-
sity of the immunostaining reaction; B lymphocytes
were, in general, as intensely positive as were T lym-
phocytes.

TAC Antigen in Human T-Cell Lymphomas

Immunoelectron-microscopic localization of the
TAC antigen in adult T-cell leukemia/lymphoma was

investigated by Shamoto et al,26 who studied lymph
node biopsy specimens from 23 patients. Thirteen
patients in their series were HTLV-I-positive, and 10
were HTLV-I-negative. The TAC antigen was identi-
fied in all 13 of the HTLV-I-positive and in three of
the HTLV-I-negative T-cell lymphomas. Both the
plasma membranes and the cisternae of the rough
endoplasmic reticulum stained with anti-TAC anti-
body.
Of our 11 diffuse peripheral T-cell lymphomas

(large cell, 6; mixed, 5), 7 (64%) showed diffuse im-
munostaining ofneoplastic lymphoid cells. Of 5 cases
ofmycosis fungoides, 2 contained diffusely (1) or ran-
domly (1) distributed TAC-positive lymphocytes. A
greater percentage of diffuse peripheral T-cell lym-
phomas than ofdiffuse B-cell lymphomas were TAC-
positive, but the number and distribution of TAC-
bearing cells were not helpful in predicting the
immunophenotype of either type of diffuse lym-
phoma. Of23 T-cell LBL studied with anti-TAC, only
one (LBL expressing NK-associated antigens) stained
positively. It is possible that the neoplastic cells of
T-LBL, which are generally in an early phase of the
thymocyte differentiation pathway, may not yet have
acquired this particular surface-membrane receptor.

Conclusion
In summary, the results of our study of TAC ex-

pression on a variety ofwell-characterized benign and
malignant lymphoid tissues indicate that 1) the pres-
ence or absence of the TAC antigen appears to have
no significant implications for the immunologic clas-
sification of LPD with the exception of HCL, which
uniformly expressed TAC antigen; 2)TAC expression
by neoplastic cells in LPD occurs in significant num-
bers of cases; and 3) the TAC antigen is not a lineage-
specific marker and may be detected in lymphoid cells
regardless of their immunologic phenotype.

Because the IL-2 receptor is a cell surface protein,
with dynamic and changing patterns of expression,
the heterogeneity ofanti-TAC staining in these tissues
is not surprising. Variability of anti-TAC staining
may be accounted for by 1) the proliferative rate ofthe
neoplastic cells, 2) the proliferative rate of the sur-
rounding or reactive nonneoplastic lymphocytes, and
3) a conformational change ofthe IL-2 receptor mole-
cule as expressed on the cell surface which "hides" the
particular epitope recognized by anti-TAC. Finally,
saturation of IL-2 receptors with endogenous IL-2
may account for the lack ofTAC staining sites in the
tissues we studied.
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